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levels of Ang1 are apparently associated with decreased vessel dilation and 
h need smooth muscle cell retention from tumor-edge vessels. In addition, 
1 stimulated migration of mesenchymal cells into the tumors, such that the 
Ang ' e 0 f microvessels by pericytes increased significantly. The rates of both 
° er cell proliferation and apoptosis decreased markedly in the presence of 
^ suggesting that vascular stabilization effect of Ang1 account for the inhi- 
W ' of tum or growth. We report here that a combination of Ang1 and VEGF 
?H°ced a marked infiltration of non -endothelial cells into subcutaneously im- 
'^nted Matrigel (extracellular matrix proteins). The two factors either alone or in 
P nmbination were unable to induce angiogenesis in this model, however. Posi- 
C °tvfor vimentin identified these cells to be of mesenchymal origin, but they were 
''laative for smooth muscle a-actin, suggesting that they were not yet differen- 
" ted smooth muscle cells. These cells were also positive for Tie2, a receptor of 
A^a1 Moreover, we found that exposure of cultured human vascular smooth 
usele cells to VEGF resulted in upregulation of Tie2, and that preconditioning of 
[he cells with VEGF allowed them to migrate toward Ang1 in a Boyden chamber- 
tvoe assay. These findings were surprising as Tie2 was thought to be largely 
endothelial cell-specific. These data support the view that Ang1 can act directly 
on vascular smooth muscle cells under certain conditions to facilitate their re- 
cruitment to new blood vessels. This action may play an important role in the 
stabilization of neovasculature. 

#2486 The a-v 0-3 antagonist S-247 decreases colon cancer metastasis 
through impairment of vessel formation and pericyte coverage. Niels Rein- 
muth Wenbiao Liu, Alexander A. Parikh, Fan Fan, Oliver Stoeitzing, Corazon D. 
Bucana, Gary E. Gallick, William F Westlin, and Lee M. Ellis. U.T. M.D. Anderson 
Cancer Center, Houston, TX, and Pharmacia Corporation, St Louis, MO. 

Integrins are known to be closely involved in various steps during the complex 
process of angiogenesis including migration, attachment and survival of endo- 
thelial cells. Since angiogenesis plays an essential role in tumor progression and 
metastasis, we studied the effects of a novel a-v(3-3 (arv/33) integrin antagonist 
in a murine model of colon cancer metastasis. Murine syngeneic CT26 colon 
cancer cells were injected into the spleens of Balb/c mice to induce liver metas- 
tases. On day 7, Alzet pumps were implanted infusing 70 mg/kg/day S-247 or 
saline for continuous therapy. All mice were sacrificed when control mice became 
moribund (day 20). S-247 mice developed significantly fewer liver metastases 
than controls (median numbers: controls 15; S247 1.5; p< 0.05). Immunohisto- 
chemical staining for CD31 and TUNEL demonstrated a significant reduction of 
vessels in liver metastases of S-247 treated mice (mean/HPF + /- SEM: controls 
47.5 +/- 4.6; S-247: 18.6 ■+/- 2.2; p<0.001) and a significant increase in endo- 
thelial cell apoptosis (mean/HPF ■+ /- SEM: controls 2.0 +/- 0.7; S-247 26.8 --/- 7; 
p<0.05). Utilizing double staining techniques for CD31 and smooth muscle actin 
(SMA), we determined that metastases of S-247 treated mice showed signifi- 
cantly decreased pericyte coverage (mean +/- SEM: controls 61.994 +/- 3.8%; 
S-247 27.3% +/- 2.8%; p<0.0001). To determine the role of S-247 on various cell 
types involved in angiogenesis in vitro, we examined the effect of S-247 on cell 
attachment, apoptosis, and migration in human umbilical vein endothelial cells 
(HUVECs) and vascular smooth muscle cells (VSMCs). In a MTT assay, S-247 
significantly decreased the proliferation of HUVECs and VSMCs. In Matrigel, 
S-247 treated cells formed significantly fewer colonies after 8 days (p<0.05). 
Furthermore, attachment of HUVECs and VSMCs was completely inhibited after 
30 minutes of exposure to S-247 (p<0.0001). S-247 caused a 6-9 fold increase in 
apoptosis of HUVECs and VSMCs after 24 hrs as compared to controls. In in vitro 
invasion assays, S-247 treated celts demonstrated decreased migration com- 
pared to controls (p<0.05) In contrast, addition of an inactive peptidomimetic 
(S-286) as a negative control had no effect on cell number, attachment, apoptosis 
or migration in either cell tine. In conclusion, the av03 integrin antagonist S-247 
demonstrates significant anti -metastatic and anti-angiogenic activity and impairs 
both endothelial and vascular smooth muscle cell/pericyte function in vitro and in 
vivo. Agents such as integrin antagonists that target multiple cell types involved 
tn angiogenesis may be a more effective method of inhibiting angiogenesis than 
targeting only the endothelial cells. 

#2487 Suppression of brain tumor growth by a-v integrin antagonist EMD 
121974 is dependent on microenvironment. Atsushi Suzuki, Ignacio Gonzalez, 
Floyd Gilles, Hiroyuki Shimada, Shinya Yamada, Monique Stins, Koichi Taka- 
hashi, and Walter E. Laug. Childrens Hospital Los Angeles, Los Angeles, CA. 

We have previously shown that daily systemic administration of EMD 121974 
inhibits growth of orthotopically (brain) but not heterotopically (subcutis) xeno- 
transplanted brain tumors in nude mice. Antagonists of av-integrins are inhibitors 
of angiogenesis and since uv-knockout mice have abnormal vessel formation in 
the brain, but not the skin, we assumed that the angiogenic vessels in the brain 
are highly susceptible to EMD 121974. Comparison of dermal with brain capillary 
cells showed that both types of cells expressed similar levels of Av-integrins and 
a similar apoptotic response to EMD 121974. Further studies revealed that the 
brain tumor cells U87MG (glioblastoma) and DAOY (PNET) also express high 
levels of av/33 and avj35 integrins. Immunohistochemica! studies of the tumors 
growing in the brain demonstrate continued expression of av-integrins and dep- 
osition of their matrix ligands vitronectin and tenascin, similar to the human brain 
tumor pathology. There is little collagen deposition in the tumors grown m the 
CNS. In contrast, brain tumors grown in the subcutis produce large amounts of 
collagen but little av-ligands. In vitro studies demonstrate that EMD 121974 



detaches brain tumor cells, like capillary cells, from the av-ligands vitronectin and 
tenascin resulting in apoptosis. In contrast, collagen, which is not binding to 
av-integrins, protects capillary and tumor cells from detachment and apoptosis. 
In addition, mice transplanted with av-integrin negative tumors did not respond to 
treatment with EMD121974, while their positive counterparts did. We conclude 
that the av-integrin antagonist EMD 121974 has a dual action in the orthotopic 
brain tumor model: It inhibits angiogenesis through anoikis of capillary endothelial 
cells and it also induces directly apoptosis in av-integrin-positive brain tumor 
cells This peptide may, therefore, prove to be useful in the treatment of brain 
tumors since most of them express av-integrins and deposit their respective 
matrix ligands. 

#2488 Retarded and decreased skin carcinogenesis in transgenic mice 
overexpressing thrombospondin-1. Thomas Hawighorst, Michael Streit, Lauren 
Janes, Hajimu Oura, Lynh Nguyen, Lawrence F. Brown, and Michael Detmar 
Cutaneous Biology Research Center, Massachusetts General Hospital and Har- 
vard Medical School, Charlestown, MA, and Department of Pathology, Beth Israel 
Deaconess Medical Center and Harvard Medical School, Boston, MA. 

Conflicting results have been reported regarding the role of the endogenous 
angiogenesis inhibitor thrombospondin-1 (TSP-1) in tumor growth and progres- 
sion Previous experimental in vivo studies have focused on malignant tumor 
stages when the tumor cell population is already heterogenous. By using the 
chemically-induced two-step skin carcinogenesis mouse model we recently dem- 
onstrated that the expression of TSP-1 is substantially downregulated in earlv 
stages of epithelial tumorigenesis. To investigate whether TSP-1 might play a 
protective role in skin carcinogenesis we subjected transgenic mice overexpress- 
ing TSP-1 in the skin under the control of the keratin 14 promoter and age- 
matched wild-type mice to a standard two-step chemical skin carcinogenesis 
protocol using DMBA for tumor initiation and PMA for tumor promotion. TSP-1 
transgenic mice exhibited a retarded formation of skin papillomas with a signifi- 
cantly longer latency period of 14 weeks as compared to 10 weeks in wild-type 
micfi. Moreover, the number of epithelial tumors was significantly decreased in 
TSP-1 transgenic mice. After 20 weeks of PMA promotion, TSP-1 transgenic mice 
averaged less than 6 papillomas per mouse as compared to more than 11 
papillomas per wildtype mouse. The incidence and number of squamous cell 
carcinomas (SCC) was decreased in TSP-1 transgenic mice as compared to 
wild -type mice; however, a comparable rate of malignant conversion to SCC was 
found Only 4% of the SCC-bearing TSP-1 transgenic mice developed lung 
metastasis as compared to 21% in the wild-type mice, whereas the incidence of 
lymph node metastasis was comparable between SCC-bearing TSP-1 transgenic 
(50%) and wild-type mice (58%). Quantitative analysis of tumor- associated blood 
vessels revealed a significant inhibition of angiogenesis in TSP-1 transgenic mice; 
however, no major differences were found in both the density and size of tumor- 
associated lymphatic vessels. These findings suggest that TSP-1 predominantly 
acts to inhibit angiogenesis and organ metastasis, but that TSP-1 does not affect 
lymphangiogenesis and lymphatic tumor spread. In summary, these results iden- 
tify a protective role of TSP-1 in muttistep carcinogenesis. 

#2489 Recombinant human endostatin inhibits proinflammatory and 
proangiogenic cell responses during the hepatic colonization of B16 mela- 
noma. L. Mendoza, T. Carrascal, M. Valcarcel, V. Gutierrez, C. Salado, E. Egile- 
gor, E. Olaso, B. K. L. Sim, and F. Vidal-Vanaclocha. INBIOMED Foundation, 
Bizkaia, Spain, EntreMed, Inc., Rockville, MD, and INBIOMED Foundation, Biz- 
kaia, Spain. 

Endostatin inhibits tumor-associated angiogenesis even though its complete 
mechanism of action on tumor progression and metastasis is undefined. We 
found that sc administration of recombinant human Endostatin (rhE) (at 5 or 50 
mg/kg/day) from day 1 to 12 and from day 7 to 12 after B16 cell injection 
decreased metastasis number by 50% as compared to controls. In addition rhE 
inhibited metastases development in a dose dependent manner (calculated as % 
liver volume occupied by metastases), which decreased by 60% and 90% in mice 
receiving 5 and 50 mg/kg rhE, respectively, from day 7 to 12. To further under- 
stand the effects of rhEndostatin, we analyzed the role of rhE in the proinflam- 
matory and proangiogenic responses of hepatic sinusoidal endothelial (HSE) cells 
to tumor-derived factors in vitro. We found that rhE abrogated VCAM-1 expres- 
sion in HSE cells from B1 6 eel I- infiltrated liver sinusoids thus causing an inhibition 
of intrasinusoidal B16 cell arrest and attachment in vivo, as evaluated using 
luciferase-transfected B16. RhE also inhibited VCAM-1 -dependent B16M cell 
adhesion to B16M-conditioned medium (CM)-treated HSE cells in vitro through 
the specific blockade of IL-18 production from HSE cells induced by tumor- 
derived VEGF. Further, rhE inhibited HSE cell migration induced by B16-CM, as 
shown by chemotactic assays: and it significantly increased by 3-fold the apo- 
ptotic rate in B1 6-CM-treated HSE cells. An important finding is that rhE severely 
reduced VEGF production in hepatic stellate cells in vitro at both the trascriptional 
and translationai level in a dose dependent fashion upon activation by B16 CM. 
Thus rhE significantly decreased B16M colonization and development via inhibi- 
tion of proinflammatory and proangiogenic responses of HSE cells to tumor- 
derived factors. The specific mechanism depended on: a) blockade of microvas- 
cular arrest of intrasmusoidally-circulating B16M cells via suppression of 
inflammation induced by tumor-derived VEGF; and b) inhibition of tumor-pro- 
moted HSE cell migration and survival, which decreased transition from pre- 
angiogenic micrometastases to angiogenic metastases. 



?002 



Proceedings of the American Association for Cancer Research • Volume 43 • March 2002 



501 



